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On a Measurement Method of Three Dimensional Motions
‘ Using Two Video Trackers

By

Tomihiro HARAGUCHI and Tadashi NIMURA

Abstract

In model experiments on a vessel towed by a carriage, the optical
motion measurement system using two video trackers and cameras is the
most preferable because the optical system need only turget lamps on a
model and because we can measure the position and the motion of a
towed model, even if she is far away from a towing carriage. In this
paper, the measurement method of three dimensional motions of a model
using the optical system is described as well as the components, procedures
and measuring accuracy.

Furthermore, the optical measurement system was applied to a model
experiment, in which models of a barge type and a semisubmersible type
were towed by a carriage in regular and irregular waves. The motions of
a model were measured by the optical system and also by gyroscopes and
accelerometers on the model. The measurement results by the optical
system are compared with those by the other equipments.

The conclusions in this paper are summarized as follows;

(1) In this model experiment, the values of the orientation parameters to
stand for the positions of two cameras are scattered within about 10% of
the values measured by two transits. Therefore, it is advisable to use
more precise value measured by other means for the ‘distance between the
camera and the orgin of theearth-—fixed coordinate system.

(2) The optical measurement system using two video trackers is as much
effectiveas gyroscopes and accelerometers to measure three dimensional
motions of a model.

(3) The optical measurement system makes it possible to measure a low
frequency motion for which accelerometers are useless.
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Vel ={0 cosw -sinw 0 1 0 sink cosk 0 Y—Yo
Z s 0 sinw o) -sing 0 cos¢@ 0 0 1 Z -7y
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Zr az: (X—=Xo) +a:z:2(Y—-Yo) +taszs:; (Z-25)
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Fr YT VU=V aVTRODEIATOBEBERLEIOBOEYTA IS v h—IL &
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SERT CRER—4CRBID N AT EABEDLOM PBEERFERO & DERK
(Zo) B33 4mOEOH (F— 4 © Calibration NO. 3) Th b, = nitE
HEZOEMMEFHAEZELTEY, ARCHEOMNBI X - CEHAEENET
BTEEBHRLTVWS, ZOZLRIRTEHZT->-Twi2HOEBRMOERED
FALELTHNBZENTESL, SEF-F+ VT L—va Y TOIDOFHAEZD
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£—-3 FrVIv—vaYEOHNUBRES

base point AX AY AL
No. (nonn )| (an) ( am )
1 1.07 15.18 -11.14
2 4.83 0.71 -15.44
3 7.87 -0.50 -25.55
4 11.47 -2.69 -20.28
3 -13.03 4.37 -7.81
6 0.30 -4.13 58.09
7 -2.57 5.08 38.42
8 -6.14 -13.61 -21.12
9 1.67 -10.04 11.78
10. -2.78 -4.49 -20.10
11 0.24 -3.92 2.64
12 9.41 |-10.74 1.71
13 -4.51 9.38 -20.33
14 -4.03 |- 5.22 2.27
15 -3.52 9.91 28.02
root mean
square error| 6.21 7.99 23.87

(555)



10

(556)

F—4 FrUTVU—va VO FEREHEE

calibration{ root mean square error {mm)
No. AX AY Al
1 -35.12 5.07 10.53
2 5.83 5,93 10.05
3 6.21 7.99 23.87
4 3.54 3.57 7.97
3 6.02 10.61 26.53
8 4.07 5.87 17.50
7 5.05 8.78 17.22
8 6.40 4.27 10.34
g 3.92 3.64 13.21
10 5.40 - 7.22 11.70
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F—-5 EBHAEDO _RFHHRE

root mean square error
( nondimension )

model type & conditions surge heave pitch
BARGE with skeg 0.0469 — 0.0580
in heading sea without skeg 0.0458 — 0.0287
BARGE with skeg 0.0443 — 0.0208
in following sea| without skeg 0.0277 -_ 0.0076
SEMISUB in heading sea 0.0488 0.0245 0.0145
SEMISUB in following sea 0.0243 0.0370 0.0071

EBHEMPLHELMAAELO K, VI v IR EBF—OVIIOHAEREHBEEEE
REBTAMBE LR L, MEEHC I Y-V Vv FTREBECEERTORHE
THD, BB —HLAEWRIITRFOHEBRIER LTV,

CThLDRREYRDE, VI v h— R ELHAEEI YDy A eI UOMEEFK &
BEREIBRV—HERLTED, TOFHENESL, 2. 3 TR IKRTMEE
HBEORENDIC LI LDOLTIARF—HLTWEDR, SEOFHHEET
B3RTEHA*RDLELBETZIOBRENZE Ly, BEREBLR LCiXzD
BERTLHESIALOTERVWAEERDRS, T2, ZhHOERTOEZIRE
SPHEHAEMO R PHEELRDLEONR-—5Th b, U IR EHBRKE
T0.8~1.0&HEDAREL AL, MEEFCPY + A n L BFHAECELDERD
Bt hELZLHE, CORPLIHAWNELLIBEIRS—BEHLTWE I Lbh
5o

4. 3. 2 HABEFoOHHMFEEOEHEEHDO LM 4 AMY —

EF4A T v h— R EAHBEEY vy A oRUMEEFC L35AEL2 TR TH
BRIl B LEFIAR—-19, I—2 03T, MEEFCHALLA—YEHD
OVl iIdTHOL—-EYITRDOWTIE, 4. 3. 1EABFEOFETEDL
OEMICEHBLLERRLTD 5,

H—19@3AxyrZno2utTuninA—oEOH T, BR24m. BHFEE0.72m/sec,
A/L=1.5 (L=4.0m) DHMNFEFEFORETERIE D EHZEZ LILLDTH
b0

A 2 —AVFEL—EVYIEOWTIE NS v I —DFEEILITHH., MEE
Hi XAHBIERT V., 2 —Y VT, By FY 2OV TRBEFAETL ORIER
BL—HLTEY, 23— VILBE-TREDERLBOLEVWEBTHS, v —V ¥
FEOSWTHHEWVEAPORS THA2EVAMOEREBL>WTE T v h— &M
HEHTRE—-HKLTWE, RAPORSEC2VWTE, AVz—AYIRI—AY
FORENLELIS>CIhBRABYOAYPOEZORMTH D RAE D ICH

17

(563)



18

TESTZ283_8 —— Tracker —-- Gyro & Acc.

_Iém
u F
o K
Z o f
wn -
-1
(M3 Tracker Acc.
52:
x F /
A i
-2 C
(M) Acc.

—~
(=
m
7]
w5

e

be

pree
A

SLEAANAAANAN n HHIA Hl
b yyy JYYVUVULYVUTY 'VY!

-2 b
» (DEG) Tracker Gyro.
20
o
-2 E
L 1 | I
290 300 310 sec 320

M—19 BRIF—sokE (N—-98 (7 7KL))

(564)



TESTESB_B  —— Tracker —-- Gyro& Acc.

L
>
T E A AN A A _AIA A
% %) Eﬁv ey \;{ 2 \Jl/ V[\VAV/'\‘IJ t'\vl\vf‘\v/'\;v Ja [\v/‘\v/\ [\v/\v/\vq
-' 1
» (DEG) Tracker Gyro.
-
- ?
3o B
e -
-2 C
2 (DEG)

L

_55_5
—

i ‘\ i f
"mmv“wwvvw u
D G Tracker Gyro

M

4;:;~:a-|

1 | | L | i J

19

215 225 235 245 253 265 273 283

secC

R—20 BRIF—20HE (£Iiy7H)

(565)



20

DY =V VIERLTVE, 25 LEERMRS A MEEH CHAT 2 2+ X ES
EBbh, REXHAUEAH VLI LTOREEEFRELE L 5,

B—20+ Iy 7Hoflc, BR24m, BAAEE0.72m/secy, 1 /L=1.0(L=4.0m)
DHEABEHFHEBEORBOLDTH 5, .

AVz— AV 7L =V IEDOVTR IS v h—DHBEOLTH D, IEE
FRYr Ao E3HAERR V. Y=YV, Py F v rronwTitA—oHD
BELAKENETLIORBIBS —HKLTEY, "—VHCRHETE D>
Te—EV 7RIl —HLTOWEZENEL, ¥ ZDMOERHCOVTIE, FT v
H-OFHAUECHSVERMIVEVWERAED /4 AR BbhTWwa, Zhit, ¥
FAMI v I —DOHBECIDILDEHERHNENG, Z0BRKRIREPTEALTHL &
6EBLTCORBLIRELALN, EEZORBI/ID S EALIBEBEA VLD &
EZrbNh5b,

4. 3. 3 THABFHOFERMBPEOEEH O v -2~} 354
CCTCRARANEFORERBEOEH DA RS b5 A BFEREO—H 32 X — 2
1~K—23ERT, HEIEBSAEE (w rad/sec) T, HERFRLEFRLD Yy —

x 1 3-5
(m?) Surge

6 H —— Tracker
---- Accelerometer

5 6

4
(rad/sec)

R—21 =9V IDRy—2xXX7 b5 (R=UH (A& 7% L))

x1072

i r(dQQZ) Pitch
itc

6k —— Tracker
---- Gyro.

4L+

2 =

0 N L A L | 1)

0 1 2 3 5

4
W  (rad/sec)

M—22 EoFvioRg—a2axgrS3s (R=08 (RF7%l))

(566)



21

8 [ (m?) Heave

6 —— Tracker
---- Accelerometer

I

3 4
W  (rad/sec)
M—23 be—EVYIFIDRAT—ZARI 5 s (235 7ED)

ARIPTEAERDLTWDS, FRERBIVERIThLR NS v 1 - X 55
BRREY+ Ao BIUMEESF CTHA LEEREE2RXRD LTV 5,
M—21.HK—-22@323—Y (A# 7% L) OBAT, EEN40m. BMEE
(V) 70.72m/secy BEEFLEEN 1/L=2.5(L=4.0m)DBEOY - v 7Ly
FYITERLTWA, CZTCH—o Vv 7k, MEEHOHABZBE»TOY v F vV 7D
BEIYROTRDLEAT—ARI DN LA2EEHAEE LR TD 04 TE - TE
MIEEBRLLEEARLTH S, R LoRNNEL R >hTEDETRELTW
CDTEBIZ0=15LD/NEWEIATRARIIMNSTLEI P LTHDB, &
NEDREL PSS v A—DEHEAEIPLORDLARI b S ARY v aREEHD
HAFEPORD AR P LAELERAERTZHRVCTEIL—HLTHD L ENED,
NG v D —TROLEY -V VIDARI S LAToRNEffEDERAEORS D
KEHBRARIMABELRBEN, THARE AT 2—AVIRA—AL YV ITDARIT T
LAEZLEODNDZEDNDLRREIVEBCLIZLDOEELZDN D,
M—-233€3i470HE5T.$EMN24m.V=0.72m/sec, BEHFLEEM 1 /L
=1.5(L=4.0m)DEEDOL —EVY I7E2RLTWDS, ¥y— o v JEFEMEETOHR
BEMNORDEARAT—ARI NS LR EZEBEHAEE LKL D 04 TE » TEMKE
BEHRLLER2RLTHD, CORMLIEHAUELLZ AR M7 aMERERS
FBRWTRBLS—HLTWAZENED, B, P v I —TRdDLe—-—EvId
HENBEZLERABEES R H50, CARZIOBOMOEBEHD AR 542K %
FIF— 2 bR2EEBHABBONILNEILE - T E D LRSS,

5. &8

EFA b5 v h—RIHPMNEBEHAESIUCERO 6 BEHOFRIE >V TR,
FOMNBHALOBELYRFT Lt SLELIAEZAMEBETHRT 2 —EEXE €K
MLEBEOBREMBFEOMNEBES JOCEBHNCER L, ZOHRAETC & 23K
REVr+ A nBIUOMEERCLAHABERE OB LZEEIRE, BRI, 7 —
ART FFTLAEDWTITTVWROERE B,
(1) SEOERBRTR, WA T7O0REERTHHH A FNEBEOHERIEUEL LT
OXBEATS2VWTEY, #ASEHMEEERAE TOREBEOECIENELER

(567)



22

Lic it &b,

(2) EFA T v p—%HVTA-VH, Iy THO2EOHRMTAED 6 E
BEHWLLRR, vy A oL OMEEH CABCHN LR BaARE 2
DEENTER T E I,

(3) BRFTORAEHEBOFA TR, HEVWEAHOY—v v 7Lt dkiRh
EYEBCLIIRABHOY -V VY IRAY 2 —A VI %5HATERL, CORAHD
EEIMEEN TRHNT 2L REETH D, HDTHRERFREOFI A% HR
Lo

BREC, SEORBRTHEBEIRV L EDHERTFFERS L OAB IR L EBE
B THFHMOR, WIHMEEHEEZ2R LD LT IHAELE ML~ KD THELRL
i

E G :
1) REEHEEZH» BEBIUEHHAUEBOBEH oW T
EA2E AT E B 4 (1983.12)
2) HPALH KERBRCRT 5 RERIEEMA 3 KT EH R E
BNEBBERE $#25%584%5(1985.7)
3) RE/NFE  BEPORE 6 BEEFEMRIHAY X5 A

Bivi &M St #2105 (1988.9)
4) HEXEBEEINEH¥LE FEIIZRTHE-ICAFZENE —
Fea7 KRB AR &4 (1983.6)

5 HABENEYLE BEEENE

() BFAEENEF4(1983.6)

(568)



23

g eFA by r—kEb3IRTMNESESE
BEEERZNRI-L2BDCCDIATTHYUREEY (5v7) #BHLEFS v
H—TEHATHE (2) ﬁﬁ*%ﬁ%%@B&mﬁE%ﬁi»ii%# T OFEERR
LToBRYTH D,

O 2BDIASOEBEERNIL, X (3) TV EFRZhoEESFH (R) ©
Efa P (k=1, 2; 232A50FE) 58T %,

@ REZRTEBEZ2>RDLVEEOEEEZEp.(x, , v1 '), palx:
: J(ZZTL, 2@ HIA5DFR) 525, Bib, €545 v »— OBIE
w (4) RKOBEZT >,

@ (1) REROBEH L BAFBRAEL LT3,

X —111Z=X01—u'1Zo1
Y—viZ=Y0o1—Vvi1Zo:
X —UzZ=on_U2Zoz

Y—v:Z2=Yo2o—vVv:2Zos:
——————————— (FF. 1)

CCVC‘\ (X«H, Yoh 201) cl: (on, Yoz, Zoz) 51%73}7@&%:{3'51%
D0 Uk VillRATEZDLRN 3,

a1t xktar®ye—asz e

Uxg = N
a1 xetazs®yr—asstc
v, = a2 xx+a®yr—asz*’c
kK RS N
a13‘k’Xk+aza“"Yx—aﬁ”‘)C

@ (. 1) REeJPIZEE2DPTEID, ZRTEE (X, Y, Z) 2KRAXT
KD 5B,

2 0 -2 Uk X ZXok— 2 UkZox
0 2 —ZVK )(Y) =< ZYO}{_ZVKZOK
—Zux —2vk 2 (ux2+v2)Y\Z —Zux (Xox— UxZox)

—2ve (Yor—ViZok)

(569)



